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@ Unsaturated urea polysiloxanes. 



@ New styrene-functional polysiloxanes are described which are obtained by reaction of aminoaikyl 
functional polysiloxanes with styrene isocyanates. The styrene functional urea polysiloxanes have 
improved hydrolytic stability and are useful, either by themselves or in combination with copoiymeriz- 
abie comonomers, in UV- or heat curable biocompatible and oxygen permeable coatings, films or 
shaped articles, especially in form of oxygen permeable contact lenses. 
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Dt- or poly-vinyl functional polymeric compounds, of about 400 to about 10,000 MW, hereinafter called mac- 
romers, are known for a long time and are widely used to make UV-curable coatings, fHms or cross! inked 
polymeric artides. Typically these compounds are prepared from low molecular weight polyester* or poiyether 
dtols by esteriRcatk>n with acrylic or methacrylic acid, or maleic anhydride; alternatively, they can be more easily 
5 prepared by first reacting those polyester- or poiyether diois with 2 equivalents of a diisocyanate followed by 
endcapping with, for instance, 2-hydroxyethyi-methacrylate; such poly-urethane-macromers are described, for 
distance in US-A-3,509,234 and US-A*4, 192,827. 

An even simpler route to essentially similar urethane-macromers is via the reaction of poly-ester* or poiy- 
ether dfc>ls with isocyanate-substituted vlnyi monomers, typically a methacrytate such as 2-isocyanatoethyt 
10 methacrytate (IBM); relevant patents describing such macromers are US-A-4,233,425 and US-A-4,320,221. 

The macromer approach has also been applied to pofysiioxane (PDMS) dialkanols and PDMS-dia!kanol-bis 
methacrytates are even commercially available. Both urethane based macromer types have also been des- 
cribed, for instance in US-A-4. 136.250, US-A-4,1 30,708 and US-A-4,486.577. 

In aO instances the linking group between the PDMS-chain and the easily polymerizable vinyl group cen- 
ts tains an ester linkage, contributed either by the hydroxyalkyf- or aminoalkyf methacrylate used in the capping 
reaction, or by 2-lsocyanatoethyi methacrylate. However, this ester linkage constitutes a weakness, if great 
hydrophSic etabitty is a requirement, as for example in a POMS-containing hydrogel. 

US-A-4,837,289 discloses PDMS-tetraalkanols capped with rrhlsopropenyk^a^imethyl-berizylisocyarh 
ate (TMI), thus providing an ester free linkage group. TMI is a commercially avaflabfe compound (American 
20 Cyanamid) and has been used in a variety of applications, for instance: in the preparation of vinyi-diols (Polym. 
Mater. Sd. Eng., 57, 565 (1987); in the preparation of macromer for adhesives, by reaction with pdyote, for 
Instances poly-tetramethyiene ether glycol (FR-AI-2,579,611 ); in high-solids coatings after reaction of a 
polyester poiyoi. as described in US-A-4,609,706; the reaction of TMI with amines Is also disclosed In Polym. 
Mater. Set. Eng., 53, 534 (1985). 
25 No reaction products of aminoalkyl -substituted polysiloxanes and m-isopropenyl-a,a-dimethylbenzyi iso- 
cyanate have been described, although the reaction of products of aminoalkyl-substituted PDMS and 2-iso- 
cyanatoetrryi methacrylate are described in US-A-4,563,539 and US-A-4, 505,712. 

It has now been discovered that by reaction of pdy-{arrtmoalkyi)-polysiloxane with rrwsopropenykt,a* 
dfrnethyibenzyt Isocyanate, or any similar styrenic isocyanate, a PDMS-macromer can readBy be prepared, 
X which results in superior properties when incorporated into rigid, oxygen permeable polymers or into hydrogels. 
it la an object of this invention to provide an easily polymerizable, hydrolyticalfy stable and rigidity imparting 
urea-poryslaxane macromer. 

It is a further object of this invention to make improved rigid, oxygen permeable contact lenses and oxygen 
permeable hydrogels by copdymerization of said urea-polysBoxane macromer with vinyl monomers. 
55 The novel polysiloxane-urea styrenic macromers are of the general structures A1 or A2: 
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wherein, independently of each other, 

R 1 is methyl, phenyl or 3,3,3-trifluoropropyl, 

R* is a divalent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms, 
R* is a direct bond or has the same definition as R 2 , 
R s is hydrogen or methyl, 

R* is the divalent residue of an aliphatic, cycloaliphatic or aromatic diisocyanate of structure 

0CN-R8-NC0, 

n1 and n2 are Integers from 2 to 250, preferably 10 to 50, more preferred 10 to 20. with the proviso that the 
sum n1 + n2 is not greater than 250, 

ml and m2 are integers from 2 to 200, preferably 5 to 1 00, with the proviso that the sum ml + m2 is not greater 
than 250. 
y is 0 to 2, 

p has a value of 1 to 10, preferably 1 to 3, 
X is hydrogen or has the structure E: 



30 



R 4 — NHCONH— R 3 



3=CH 7 
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wherein R* is a divalent saturated linear or branched hydrocarbon radical havin 1 to 6 carbon atoms. 

Preferably, a divalent saturated linear or branched hydrocarbon radical of from 1-6 carbon atoms is C r Cg 
alkylene, such as methylene, ethylene, propylene, or butylene, e.g. 1,3-propylene or 2,2-propylene. 

The divalent residue of an aliphatic, cycloaliphatic or aromatic diisocyanate preferably is an aliphatic or 
aromatic divalent residue with 6 to 12 carbon atoms. Preferably these residues are divalent phenylene-^-C*- 
alkylene residues unsubstituted or substituted by C r C 4 -a!kyl, phenylene unsubstituted or substituted by C r 
C 4 -alkyl or d-Cralkylene unsubstituted or substituted by C r C 4 -aJkyl. 

Preferred are macromers of structure A1, in which 
R 1 is methyl, 
R 2 is trimethylene, 
R3»s-C(CH 3 ) 2 - 
R 5 is methyl, 
y. is zero, and 
n1 is 5 to 100. 

Also preferred are macromers of structure A1, in which most or all of 
R 1 are methyl, 
R 2 is trimethylene, 

R^iS-qCHOr 
R 5 is methyl, 
yisl, 

n1 + n2is 10 to 20, 

and R 6 is an aliphatic or aromatic divalent residue with 6 to 12 carbon atoms. 

Also preferred are macromers of structure A2, wherein most or all of 
R* are methyl, 
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R 2 is trimethyiene, 

R 5 is methyl, 

X is of structure E, 

R* is ethylene, 

ml and m2 are 5 to 100, with the sum ml + m2 not greater than 150, 
and p is 1 to a 

Also preferred are rnacromers wherein R 3 is a direct bond and R 5 is hydrogen with the -CR^CHj group 
being in the para position relevant to R 3 ; or wherein R 3 is -C(CH 3 )z- and R 5 is methyl with the -CR 5s CH2 group 
being in the meta position relevant to R 3 . 

Most preferred are macromers of structure A1 , wherein R 1 , R 2 , R 3 and R 5 are as defined as for the preferred 
A1 macromer, and n1 is 10 to 50. 

The macromers of the present invention are made by mixing together an aminoaikyi-funcuonal polysiEoxane 
of either structure 



H,N R 2 - 



R 1 R l R 1 
I r l-i I 
Si04-Si0}— Si- 
I L I J«l I 
R 1 R 1 R 1 



•R 2 — NH 9 



(CI) 



Or 



R 1 r R 1 R l - 
(R l ) 3 Sio4-Sio3 SiO-f Sio] Si (R 1 ^ 



(C2) 



NH 



wherein Y fe hydrogen or -R«NH 2 , with a styrene-isocyanate of structure 



OCN — R 3 
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preferably in equivalent amounts, but less or more of the equivalent amount of the styrene-isocyanate may also 
be used. The reaction proceeds smoothly, with or without catalyst, and is complete when no NCO*groups are 
detectable by IR-anaJyss. 

Amtnoalky} substituted polysiloxanes are well known and many are commercially available, both, of struc- 
tures C1 and C2. Exemplary polysiioxanes of structure C1 are those wherein R 2 is trimethyiene and which have 
molecular weights of 400 to 6000. Exemplary polys&oxanes of structures 02 are those wherein R 2 is 
trimethyiene, Y is -CH 2 CH r NH 2 and which have molecular weights of 400 to 8000. 

Exemplary styrenic isocya nates are p-feocyanatostyrene and m-jsopropenyl-a,a-dlmethyl-benzyl isocyan- 
ats (TMI). 

Ditsocyanates useful to form chain extended pre polymer intermediates are aliphatic, cydoaliphatic or 
aromatic dBsocyanates selected from the group consisting of ethylene diisocyanate, 1,2-diisocyanatopropane, 
1,3-dllsocyanatopropane, 1,6-dllsocyanatohexane, 1,2-diisocyanatocyclohexane, 1,3-diisocyanatocyclohexa- 
ne, 1,4-diisocyanatobenzene; bis-<4-i30cyanatophenyl)methane t 1,2- and 1,4-toluene diisocyanate; 3,3'-di- 
crdoro- 4 f 4'-difeocyanatobiphenyi; 1,5-diisocyanatonaphtha1ene, hydrogenated toluene dfisocyanate; 
l-lsccyarfitomemyl-S-kocYanato-IAS- (~ tsophorone diisocyanate); 1 ,6-dHsocyanato- 
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2^4^2,4,4>trftnethylhexane i 2,2'-diisocyanatodiethyl fumarate; 1 t 5-dllsocyanato-1-carboxypentane; 1,2-, 
1 t 3- t 1,6-, 1,7-, 1,8-, 2,7- and 2,3-dlIsocyanatonaphthaiene; 2,4- and 2,7-diisocyanato-1 methylnaphthalene; 
1,4-dIlsocyanato^nethylcyclohexane; 1,3- dilsocyanato-6C7)-methylnaphthaIen8; 4 ( 4'-drjsocyanatoblphenyi; 
4,4'-dnsocyanato-3,3'-dimethoxy-biphenyt; 3,3'- and 4,4'-diisocyanato-2,2'-dimethyi-biphenyt; bis-(4-isQcya- 
natophenyljethane; bis(4Hsocyanato-phenyi) ether. 

The most preferred dnsocyanates are isophorone dilsocyanate, 2A4-(2,4,4)4rimethylhexane-1 f 6- 
diisocyanate and l^-orl^toluene dilsocyanate. 

The diisocyanates can be used in molar ratios of ammo functional poiysiloxane:dDsoeyanate of 100:1 to 

4:3. 

The reaction can be carried out in bulk or in a suitable aprotic solvent, such as a ketone, ester, amide, or 
ether, typical solvents are methyl ethyl ketone, methyl propyl ketone, tsopropy) acetate, N,N-dimethy)-for- 
mamide, dipropylene glycol dimethyl ether, and dimethyl sulfoxide. 

Instead of the aforementioned aprotic, nonreactive solvents, aprotic vinyl monomers can also be usad as 
solvents if the final desired polymer is a copolymer of A1 or A2 and a vinyl monomer, rf chain extended polys}* 
loxanes are used, they are prepared in a first reaction step by reaction of the diisocyanate with the amino-polysi- 
loxane. 

The styrenic unsaturated polysOoxanes can be used by themselves to produce by radiation- or heat-ini- 
tiated polymerization coatings and films. Preferably though the unsaturated polysiloxanes of the present inven- 
tion are used in combination with other vinyl monomers to make crosslinked polysiloxane-poiyvinyi-block 
copolymers. Such copolymers are also an object of this invention. 

The great variety of monomeric reactants makes it possible to prepare either hard, highly crosslinked 
copolymers with suitable acrylic, methaayiic or other vinyl monomers, or to prepare soft, rubber-like copolymers 
with low crosslink density. 

It is also possible to prepare by copolymerization with hydrophliic monomers polysiloxane-hydrogels with 
water contents ranging up to 80%. 

Reactive monomers which can be employed together with the unsaturated potysiloxane include mono- or 
poly-ethyienically unsaturated monomers which undergo polymerization upon exposure to UV-radtation or by 
chemical initiation. 

If the polyunsaturated polysiloxanes are to be used in biocompatible materials, especially in either hard or 
soft contact lenses, a balance of hydrophific and hydrophobic properties is required and water-soluble as well 
as water-insoluble comonomers can be used. 

The water-insoluble vinyl monomers (B,) useful in the present invention comprise: 
Acrylates and methacrylates of the general structure: 



R 7 



H 2 G=C— COOR 8 



acrylamides and methacrylamides of structure: 



R 7 



H 2 C=C— CONH-R 8 



mateates, fumarates and itaconates of structures: 



R 8 OOC — HC=CH —COOR 8 or 



H,0=C— COOR 8 
I 

CH 2 — COOR 8 



vinyl esters: 



R 8 — COO — CH=CH 2 and 



vinyl ethers: 



CH 2 =CH — O — R 8 , 
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wherein R 7 is hydrogen or methyl, and R 8 is a linear or branched aliphatic, cycloaHphatic or aromatic group 
with from 1 to 21 carbon atoms, e.g. an aikyi, cycloalkyi or phenyl group, and which may contain ether or 
thioether linkages or a -CO- group; R 8 may also be a heterocyclic group containing oxygen, sulfur or nitrogen 
atoms, or a polypropylene oxide or poly-n-butylene oxide group with from 2 to 50 repeating aJkoxy units. 
5 In addition, the R* group may contain halogen atoms, especially fluorine in form of pefluorinated alkyt 

groups with from 1 to 12 carbon atoms; or it may be or contain a siloxane group with from one to six Si atoms; 
and may contain -SO- and -S0 2 groups. When R 8 is part of a fumarate, maleate or itaconate, one of R 8 may 
be hydrogen. 

Included among the useful monomers are: methyl-; ethyl-; propyl-; isopropy!-; butyl-; isobutyl-; tert-butyf-; 

10 ethoxy ethyl-; methoxyethyi-; benzyl-; 4-tert-butyi phenyl-; cyciohexyl-; trimethylcydohexyl-; isobomyi-; dicyo- 
lopentadlenyl-; norbomyimethyl-; cyclododecyl-; 1, 1,3,3-tetramethylbutyl-; n-butyl-; n-octyl-; 2-ethylhexyl-; de- 
cyW; dodecyls tridecyi-; octadecyK glycidyl-; ethyl thioethyl-; furfuryl-; 2-ethoxyethyl, 2-methoxyethyl, 
2-butoxyethyt, 2-(2-ethoxyBthoxy)ethyi-; hexafluoro is o propyl-; 1, 1,2^-tetrahydroperfluofododecyi-; trh tetra- 
or penta-sioxanyl s3yl propylacryiates and methacrylatas, especially tris(trimethyislloxy) silyi-propyi methac- 

15 rylate, as well as the corresponding amides; N-(1 ,1-dimethyl-3-oxobutyl>acrylamide; mono- and dimethyl fuma- 
rate, maleate and itaconate; diethyl fumarate; isopropy! and diisopropyi fumarate and itaconate; mono- and 
diphenyi and methyt-phenyl fumarate and itaconate; methyl vinyl ether and methoxyethyi vinyl ether; vinyl ace- 
tate, vinyl propionate, vinyl benzoate, acryionhrile, styrene, alpha-methyl styrene and tert-butytetyrene. 
Water-soluble monomers (B2) which are also useful comonomers in the present invention comprise acry- 

20 tatas and methacrylates of the general structure: 

R 7 

„ H 2 0=C— COOR 9 

Acryl amides and me thacryl amides of structure 

R 7 
1 

H 2 G=C — CON(R 10 ) 2 
35 Mateatas and fumarates; or itaconates of structures: 



H 2 D=C— COOR 9 
40 R 9 OOC— HC=CH —COOR 9 or I and 

CH 2 — COOR 9 

vinyl ethers of structure: CH 2 =CH — O — R 9 , 

wherein R 9 is a hydrocarbon residue of 1 to 10 carbon atoms substituted by one or more water solubilizing 
groups such as carboxy, hydroxy or tert-amino, or a polyethylene oxide group with from 2-1 00 repeating units, 
or a group which contains sulfate, phosphate, sulfonate or phosphonate groups; R 7 is hydrogen or methyl and 
wherein R 10 is independently hydrogen or an alkyl group with 1 to 4 carbon atoms; likewise useful as comonom- 

50 ers are also N-virryMactams, like r4-vinyl-2-pyrroJidone. 

Included among the useful water soluble monomers are: 2-hydroxyethyi-; 2- and 3-hydroxypropyh 2,3- 
dihydroxypropyi-; pdy-ethoxyethyf-; and polyethoxypropylacrylates and methacrylates as well as the corre- 
sponding acryi amides and methacryi amides. Sucrose-, mannose-, glucose*, sorbitol acryl ates and 
methacryiates; and d42-hydroxyethyi) maleate; acryl amide and methacryiamide, N-metrryiacrylamide and 

55 methacryl-amide, bisacetone-acrylamide; N-(2-hydroxyetiTyi)acry1 amide; N,N-dimethyi-acrylamide and - 
rnethacrylamide; methyl 1 acryl amide and -methacrylamide; N-vinytformamide and N-vmyiacetamide; N,N-d"h 
methyl- and r<r4-diethyl-aminoethyl acrylate and methacrytate as well as the corresponding aoyiamides and 
rnethacryiamides, N-tBrL-butylamlnoethyl methacrylate and methacrylamide; 2- and 4-vinylpyridine; 4- and 2- 

6 
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methyl-5-vinylpyridine; N-methyt-4-vinyl piperidine; 1 -vinyl- and 2-methyl- 1-vlnyllmldazo)e; para- and 
orthoaminostyrene; dimethylaminoethyl vinyl ether, N-vinylpyrroffdone; 2-pyrrolidlnoethyl methacryiate; acrylic 
and methacryiic acid; itaconic, clnnamic-, crotonlc-, fumaric-, and maleic acids and lower hydroxyalkyl mono- 
and diesters thereof, such as 2-hydroxyethyf- and df(2-hydroxy)etfiy! fumarate, maleate and Jtaconate, and 3- 
5 hydroxypropyl butyl fumarate, and di-(polyalkoxy)alkyl-fumarates, maleates and itaconates; maJeic-anhydride; 
sodium acryiate and methacrytate, 2-methacryioylaxyethylsulfonic acid, 2- acryiamido-2-methyl-propanesul- 
fonic acid, 2-phosphatoethyl methacryiate, vinyisulfonic acid, sodium vinylsulfonate, p-styrenesulfonic acid, 
sodium p-styrenesulfonate, and afJylsuffonfc acid. 

Also included are the quaternized derivatives of cationic monomers obtained by quatemization with selec- 
ts ted alkylating agents like halogenated hydrocarbons such as methyl iodide, benzyl chloride or hexadecyl 
chloride; epoxides like glycidol, epichlorohydrin, ethylene oxide; dimethyl sulfate; methyl sulfate; propane sul- 
tone. 

Preferred monomers for making hard polymers are, in amount of 10 to 90% (w/w): methyl methacryiate, 
cyclohexy! methacryiate, trimethylcydohexyl methacryiate, isobomyl methacryiate, isopropyl methacryiate, 

is isobutyl methacryiate, tert-butyl methacryiate; trffiuoroethyl methacryiate, hexaftuorisopropyl methacryiate, or 
1,1-dihydroheptafiuorobutyl methacryiate; styrene, tert-butylstyrene, or mixtures thereof, and tris-(trimethyt- 
siloxyjsilylpropyi methacryiate. 

For soft polymers the preferred monomers are: methyl acryiate; 2-ethyIhexyl acryiate, n-butyt acryiate, n- 
butyl methacryiate, n-octyl acryiate, 2-ethoxyethyl acryiate, 2-methoxy-ethyl acryiate and methacryiate, tris- 

20 (trimethylsiloxy)silylpropyl methacryiate and R f alkylene acryiate and methacryiate, where R f is a perfluoroalkyi 
group with 1 to 20 carbon atoms and alkylene is C^-Cj-atkylene. Preferred comonomers for making hydrogels 
are: 2-hydroxyethyl methacryiate; 2-hydroxyethyl acryiate; N.N-dimethylacrylamide; acrylic and methacryiic 
acid, N-vinyt-2-pyrroiidone or mixtures thereof. 

A wide range of polyvinyl compounds (B 3 ) can be used in addition to the monovinyl compounds. Indeed. 

25 from 0 to 50% by weight of the total monomer can be e.g. a di- or triolefinic monomer, for example: 

Ally! acryiate and methacryiate, ethylene glycol-, diethylene glycol-, triethylene glycol-, tetraethyiene gly- 
col-, and generally polyethylene oxide glycol diacrylates and dimethacrylates; 1,4-butanedioi and pory-n-buty- 
lene oxide glycol diacrylates and dimethacrylates; propylene glycol and polypropylene oxide glycol diacrylates 
and dimethacrylates; thiodiethylene glycol diacrylate and dimethacrylate; neopentylene glycol diacrytate and 

30 dimethacrylate; trimethybl propane tri- and tetraacrylate; pentaerythritoJ tri- and tetraacrylate; divinytbenzene; 
divinyt ether, divinyl sulfbne; 1,3-bis (3-methacryloxy propyl) tetramethyl disiloxane, 1,3-bis (3-methacryioxyp- 
ropyl) tetra (trimethyisOoxy) disiloxane and the corresponding acryfates; bisphenol A diacrylate or dimethacry- 
late; methylene bisacrylamide or methacryiamide, dimethylene bisacrytamide or methacryiamide; 
N.N'-dirrydroxyethylene bisacrytamide or methacryiamide; hexamethylene bisacrylamide or methacryiamide; 

35 decamethylene bisacrytamide or methacryiamide; ally!- and dialiyl maleate, trialfyl meJamine, diallyl itaconate, 
dsaffyi phthalate, triadyl phosphite, polyally] sucrose, sucrose diacrylate, glucose dimethacrylate; also, unsatu- 
rated polyesters, such as poly-(a!kyiene-glyco! maleates) and poly(alkylene-glyco! fumarates), like 
po!y(propy!ene glycol maleate) and poly(po!yalkyleneoxide glycol maleate). 

Macromeric divinyl compounds can also be used for copolymerization like polyethylene oxide dimethac- 

40 rylates, polytetraethyiene oxide dimethacrylates (US-A-4, 192,827) or polysiloxane dimethacrylates, (US-A- 
4,605,712) or pefluoroether dimethacrylates. 

The poiyvinyl-polysiloxanes of this invention are used either by themselves or together with the mentioned 
comonomers to make oxygen permeable polymers in a last synthesis step by free radical copolymerization, 
either in bulk or in the presence of small amounts of solvents. The polymerization is suitably carried out with 

45 a free radical generating initiator at a temperature in the range from about 40°C to about 1 05°C, the preferred 
temperature ranges being between about 50°C and about 1 00°C. These initiators are preferably peroxides or 
azo catalysts having a half-life at the polymerization temperature of at least 20 minutes. Typical useful peroxy 
compounds include: isopropyl percarbonate, tert-butyl peroctoate, benzoyl peroxide, lauryt peroxide, decanoyl 
peroxide, acetyl peroxide, succinic acid peroxide, methyl ethyl ketone peroxide, tert-butyl peroxyacetate, pelar- 

50 gonyl 2,Mimethyl-2,5-bis(2-etrryl-hexanoylperoxy) hexane, p-chlorobenzoyi peroxide, tert-butyl peroxy-buty- 
rate, tert-butyl peroxymaletc acid, ten-butyl peroxy-iscpropy! carbonate, bis(1-hydroxy-cyc!ohexy)) peroxide; 
azo compounds including 2^'-azo-bisisobutyronitrQe; 2,2 J -azo-bis-(2,4-dimethylvaleronitrile); 1 ,1 '-azo-bis{cyo 
lohexane carbonitrile), 2^'-azo^>is(2,4-dimethyl-4-methoxy-valeronltrfle). 

Otherfree radical generating mechanisms can be employed, such as X-rays, electron-beams and UV-radi- 

55 ation. Preparation of contact-lens blanks by UV radiation In the presence of a photo-initiator such as dieth* 
oxyaceto-phenone, 1-hydroxycyciohexyl phenylketone,2,2-dimethoxy-2-phenylacetophenone, phenothiazhe, 
diisopropybcanthogen disulfide, benzoin and benzoin derivatives is a preferred method. 

The amount of initiator can vary from 0.002% to 1 % by weight of the monomer and macromer, but is pref- 

7 
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erabiy from 0.03 to 0.3% by weight thereof. 

A preferred laboratory method of preparing the polymer, in the form of a cylinder, comprises the filling of 
flexible polymer tubing with the preferred composition of macromer, monomers, and catalyst and reacting the 
mixture for approximately 2 hours at 80°C. The finished artide is removed by slitting the tubing longitudinally 
5 and stripping ft away from the polymer article. 

Another preferred method for preparing the polymer is by radiation with ultraviolet light in the presence of 
a photo-initiator and using plastic molds which are UV transparent, such as molds made of polypropylene or 
other UV-permeette plastics, or by making coatings and films by UV-curing. 

The polymerization is preferably carried out in an inert atmosphere if done in open molds. It is known that 
10 oxygen inhfbfts pofymerization and gives rise to extended polymerization times. If closed molds are used to 
form the article, the molds are composed of inert materials having towoxygen permeability and non-stick proper- 
ties. Examples of suitable molding materials are poly(tetrafluoroethytene), such as TEFLON®, silicone rubber, 
polyethylene, poly propylene and polyester, such as MYLAR®. Glass and metallic molds may be used if a suit- 
able mold-releasing agent is employed. 
is The instant invention also relates to a polymer, suitable as a biocompatible, oxygen permeable polymer, 
especially for use in contact lenses, comprising the crossiinked co polymerization product of 

(A) from about 1 0 to about 1 00% by weight of said polymer of a polysiloxane macromer of formula A1 or 
A2 having a molecular weight from about 400 to about 1 0,000. said macromer containing at least two ter- 
minal polymerizable oiefmic groups, said groups being attached to the polysiloxane through a urea Hnkag , 

20 and 

(B) from 90% to 0% by weight of said polymer of one or more mono-, di- or trifunctiona! vinyl monomers 
polymerizable by tree radical polymerization. 

More particularly, the instant invention relates to a polymer, suitable for use in contact lenses, comprising 
the crossiinked co polymerization product of 
25 (A) from about 15 to about 90% by weight of said polymer of a polysiloxane macromer having a molecular 
weight from about 800 to about 10,000, said macromer containing two terminal, polymerizable olefin ic 
groups, said macromer having the structure of formula A1 or A2 and 

(6) from about 85 to about 10 % by weight of said polymer of water-soluble or water-insoluble monomers 
or mixtures thereof, said monomers being monoolefinic, diolefinic or a mixture of monoolefinic and diolefinic 
so monomers. 

The polymers of this invention can be tailored so as to be useful either as hard contact lens material or as 
soft contact lens material. Different co monomers and different levels of polysiloxane macromer are required to 
get optimal performance in either contact lens type. 

In choosing the poiysioxane component and the vinyl monomer for a hard contact lens composition, it is 

35 important to arrive at a mixture which will give clear polymers with sufficient dimensional stability and oxygen 
perrneab fifty. Sometimes a mixture of comonomers is advantageous in avoiding phase-separation and thereby 
opacity. Also, It is easier to obtain dear products with polysiloxanes of relatively low molecular weight than with 
high molecular weight polysiloxanes. Polysiloxanes with a short chain length between crosslinks also give har- 
der, more dimensionaliy stable polymers; however, their oxygen permeability is reduced compared to poiysi- 

40 loxanes with longer chain length and therefore lower crosslink density. By a judicious choice of monomers) 
and poiysioxane macromer, one is thus able to tailor to a considerable degree the physical properties and 
oxygen permeability of the instant silicone polymers, from hard and rigid to rubbery and soft in addition to hard 
and soft contact lenses, because of their good tissue compatibility and oxygen permeability and strength and 
elasticity, the polymers of the present invention are also particularly suitable for use as intramuscular and sub- 

49 cutaneous implants in warm-blooded animals. For the same reasons, the materials of the present invention 
may be fashioned into substitute blood vessels or extra-corporeal shunts. 

For preparing hard contact lenses, the preferred polymer comprises the crossiinked co polymerization pro- 
duct of (A) from 1 5 to 80% of a polysiloxane macromer of formula A1 or A2, and (B) from 85 to 20% by weight 
of a mixture of comonomers of which, based on the total weight of comonomers, (Bj) ts 1 00 to 65% by weight 

go of 8 water-insoluble monoolefinic monomers or mixtures thereof, (B^) is 0 to 35% by weight of a water-soluble 
monoolefinic monomer or mixture thereof, and (63) is 0 to 35% by weight of a diolefinic monomer. The preferred 
water-insoluble monomers are methyl methacryiate, cycJohexy! methacryiate, tris{trimethyl-siloxanyl)siiyl-pro- 
pyi methacryiate, trffluoroethyl methacryiate, hexafluoroiso propyl methacryiate, 1,1-dihydroheptaf- 
luorcoutyi methacryiate, trim ethyl cydohexyl methacryiate, isobomyl methacryiate, tert-butyt methacryiate, 

as ten-butyt-styrene or mixtures thereof. The preferred water-soluWe monomers are2-hydroxyethyl methacryiate, 
N.^imethyiacrylamide, acrylic acid, methacryiic acid, maleic anhydride or N-vlnyi-2-pyrroiidone or mixtures 
thereof, and the preferred diolefinic monomers are ethylene glycol dimethacryiate, neopentyi glycol diacryiate 
or methacryiate, and bfe-(3H7iethacry1oxy propyl) tetramethyl disaoxane and bls<3-rnethacryloxypropyl) 
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tetra(trimethyisDoxy) disiloxane. 

A preferred embodiment of the instant polymers useful for ming hard copolymers, for instance for hard con- 
tact lenses, is the polymer comprising the copolymerization product of 

(A) 20 to 75% by weight of a polysfloxane of formula A1 where R 1 and R* are methyl, R 2 is trimethylene, 
R 3 Is -C(CH3)r. and n1 Is 10 to 50, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B,) 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, and 
(B2) 5 to 35% by weight of a water-soluble monoolefinic monomer or mixture thereof. 
Another preferred embodiment of the instant polymers useful for making hard copolymers, for instance hard 
contact lenses, is the polymer comprising the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 and R 5 are methyl, R 2 Is trimethylene, 
R 3 is -C(CH 3 )r f n1 is 10 to 50, y is 1, and R 8 is the divalent residue of isophorone dilsocyanate; 2,2,4- 
(2,4,4)- trimethylhexane-1,6-diisocyanate or toluene diisocyanate; and 

(B) 80 to 25% by weight of comonomers of which, based on the total weight of comonomers, is 
(B,) 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, 

(B2) 5 to 35% by weight of a water-soluble monoolefinic monomer or mixture thereof, and 
(B 3 ) 0 to 20% by weight of a dlolefinic monomer. 

A still more preferred embodiment of the instant polymer comprises the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 is methyl, and 

(B) 25 to 80% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B,) 95 to 65 % by weight of a monomer selected from the group consisting of methyl methacrylate, cyc- 
lohexyl methacrylate, trimethylcyclohexyl methacrylate, isobornyi methacrylate, 2.2,2-trifluoroethy! 
methacrylate, hexafluoroisopropyl methacrylate, 1,1-dihydroheptafiuorobutyl methacrylate, tris(trimethyl- 
sBoxy-silyl)propyl methacrylate, tert-butyl methacrylate, styrene and tert-butylstyrene, 
(B2) 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacryilc acid, 
N.N-dimethyiacryiamide, and maleic anhydride, 

(B3) 0 to 20% by weight of ethylene glycol dimethacryiate, neopentyl glycol diacrylate, or bis-<3-methac- 
ryioxypropyl)-tetramethyl*disi!oxane. 

Another preferred embodiment of the instant polymers comprises the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A2 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R 3 is -C{CH3)r. X is of structure (E). R 4 is ethylene, n1 is 10 to 50, p is 1 to 3, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B^ 95 to 65% by weight of a monomer selected from the group consisting of methyl methacrylate, eye- 
iohexyl methacrylate, trimethylcyclohexyl methacrylate, isobornyi methacrylate. 2,2,2-trifluoroethyi 
methacrylate, hexafluoroisopropyl methacrylate, 1,1-dIhydro-heptafluorobutyl methacrylate, tert-butyl 
methacrylate, styrene, tert-butylstyrene, and 3-methacryloxypropyt-tris(trimethylsiloxy) siiane, 
(BJ 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacrylic acid, 
N,N-dimethylacrylamide, and maleic anhydride, and 

(B3) 0 to 20% by weight of ethylene glycol dimethacryiate or neopentyl glycol diacrylate, or bls-{3-methac- 
ryloxy propyl)-tetramethyl-disiloxane. 

For preparing soft copolymers, such as soft contact lenses with low water absorption, the preferred polymer 
comprises the crosslinked, copolymerization product of (A) 30 to 80% by weight of a polysiloxane macromer 
of formula A1 , and (B) 70 to 20% by weight of a mixture of comonomers of which, based on the total weight of 
comonomers, is (B t ) 1 00 to 89% by weight of a water-insoluble monoolefinic monomer or mixture thereof, (BJ 
0 to 10% by weight of a water-soluble monoolefmic monomer or mixture thereof, and (B 3 ) 0 to 1 % by weight 
of a dioiefinic monomer. 

For making soft copolymers, such as soft contact lenses, the preferred water-insoluble monomers are 
methyl acrylate, ethyl acrylate or methacrylate, n-butyl acryiate or methacrylate, n-hexyi acrylate or methacry- 
late, 2-ethyihexyI acrylate or methacrylate, n-octyl acrylate or methacrylate, n-decyl acrylate, 2-methoxy ethyl- 
2-ethoxyethyi-acrylate and methacrylate, 2-methoxyethyh 2-etftoxyethyl acrylate and methacrylate, and 
oligostioxanyl aikyl methacrylates having 3 to 8 silicon atoms, like tris-(trimethyi siloxanyty-sDyl-propyl-methac- 
rytate, and R r alkylene acrylates and methacrylates, where R f a is perfluoroalkyl group with 1 to 10 carbon atoms 
and alkylene is alkylene with 1 to 5 carbon atoms. 

For preparing hydrogels, for instance for hydrogel contact lenses, the preferred polymer comprises the 
crosslinked copolymerization product of 20 to 60% by weight of a polysiloxane macromer of formula A1 or A2 
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and (B) 80 to 40% by weight of a mixture of comonomers of which, based on the the total weight of comonomers, 
Is (Bj) 0 to 30% by weight of a water-insoluble monoolefinie monomer or mixture thereof, (ty 100 to 69% by 
weight of a water-soluble monoolefinic monomer or mixture thereof, and (B 3 ) 0 to 1% by weight of a diolefinic 
monomer* 

5 The preferred water-soluble monomers are N,rWimethylacryiamide t M-vinyl-2-pyrroJidone, 2-hydroxyethyl 

methacryiate. acryiamide or mixtures thereof. 

The Doiysloxane-copolymers of this invention may also be treated by any of the commonly used methods 
used to increase the wettability of hydrophobic surfaces, such as plasma-treatment and irradiation-grafting and 
oxidation. 

10 The contact tenses made from the polymers of this invention are hydrolyfically stable, biologically inert 
transparent and sufficiently permeable to oxygen to allow the transport of oxygen sufficient to meet the require- 
ments of the human cornea. 

The following examples are presented for the purpose of illustration onty and are not to be construed to 
limit the nature and scope of the instant invention in any manner whatsoever. 

15 In the following examples, specific oxygen permeability (O^-DK) is determined by measuring dissolved 
oxygen permeabHity at indicated temperatures and thickness with a CREATECH PERMEOMETER, using a 
poiarographic electrode in an air-saturated aqueous environment and Is expressed In units: 

» /-v r\zr cm 3 (STP) x cm m „ 

0 2 DK = — - — : ' 10 30 (barrers) 

cm 2 x sec x cmHg 

As reference materials for O r DK measurements, water swollen poly(2-hydroxyethy) methacryiate) (poly- 
25 hema; 39% water content; a common soft-lens material) and CAB, ceJiulose-acetate-butyrate (an oxygen-per- 
meable hard-leas materia]) are used; for hardness CAB and pdy(methyi methacryiate) are used as reference 
materials. The Oj-DK, Shore-D and contact angle values for these materials are given below. 

Hardness is determined using a Shore-D durometer on polished surfaces of center cut buttons of 10 mm 
diameter and 8 mm height 

so 

Reference Material CVDK Shore-D 
(at0.25mm/23°C) 

35 - — . . _ 

poly-hema (39 % H 2 0) 6.5 
poly (methyl methacryiate) <0.1 92 

ccUulose-acetate-butyrate 8.2 80 



40 



The following examples describe the synthesis of vinyl-urea capped polysiloxanes. 

45 

Example 1: 

56.62 g (32. 1 mmol) of an a,a>-di-propylamino-poly-(dimethylsiloxane) of 1770 MW (Shin Etsu Corp. No. 
X-22-161A) are placed in a 1 00 ml 3-neck round bottom flask fitted with a mechanical stirrer, gas inlet tube and 
so thermometer. The diamine is cooled with an ice-water bath and kept under a dry air atmosphere. 9.97 g (64.3 
mmd) 2-isocyanatoethyl methacryiate {I EM) are added and the mixture is stirred. After 30 minutes the ice-water 
bath is removed and the contents are stirred for an additional 4 hours. IR-anaiysts of the clear, light-yellow visc- 
ous liquid shows no NCO peak present (-2350 cnr 1 ). 

55 Example 2: 

56.52 g (32.0 mmol) of the aminopropyl-capped PDMS of example 1 are placed in a 100 ml 3-neck round 
bottom flask fitted with a mechanical stirrer, gas inlet tube and thermometer. The dlamln is cooled with an ice- 
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water bath and kept under a dry air atmosphere. 12.90 g (64.1 mmol) of rrwsoprapenylra.a-dimefoylbenzyl iso- 
cyanate (TMI) are added while stirring. Alter 2 hours the mixture becomes very thick and 69.42 g of trimethyl- 
cyclohexyJ methacrylate (TMMA) are added. The ice-water bath is removed and the contents are stored for an 
additional 4 hours to yield a 66.1% solution of a-methylstyrene capped po!y(dimethylsiloxane) in TMMA. 

5 

Example 3: 

49.87 g (83.2 m equiv.) of a poly-(dimethylsiloxane) having pendant groups -CH 2 C^CH 2 NHCH 2 CH2NH2 
and MW 1200 (SWS-Silicones No. F-756) are placed in a 100 mi 3-neck round bottom flask fitted with a 
io mechanical stirrer, gas inlet tube and thermometer. The contents are cooled with an ice-water bath and kept 
under a dry air atmosphere. 16.70 g (82.9 mmol) of m-isopropenyl-^a-dlmethylbenzyl fsocyanate (TMI) are 
added while stirring. The mixture becomes viscous after 5 minutes and 33.36 g trimethylcydohexyl methacry- 
late (TMMA) are added. The contents are stirred for an additional 3 hours to yield a a-methylstyrenic POMS 
as a 66% solution in TMMA 

15 

Example 4: 

4R24 g (80.4 m equiv. amine) of the poiy-amino-poly(dimethytsilaxane) of example 3 are placed in a 100 
ml 3-neck round bottom flask fitted with a mechanical stirrer, gas inlet tube and thermometer. The amine is 
20 cooled with an ice-water bath and kept under a dry air atmosphere. 12.48 g (80.4 mmol) of 2-tsocyanatoethyi 
methacrylate (IEM) are added and the mixture is stirred. After 5 minutes the mixture becomes viscous and 30.67 
g TMMA are added. The ice-water bath is removed and the contents are stirred for an additional 3 hours under 
dry air, to yield a methacrylate functional PDMS as a 66% solution in TMMA. 

The following examples describe the synthesis of Polysiioxane-Hydrogels 

25 

Example 5 : 

5.76 g (3.52 mmol) of an o,o>-di-propyiamino-poly-<dimethyisiioxane) of 1636 MW (Shin Etsu Corp. No. X- 
22-161A) and 7.18 g N.N-dimefhylacrylamide are placed in a one ounce jar and stirred, forming a cloudy mixt- 

30 ure. The mixture is cooled in an ice-water bath and 1.50 g (7.45 mmol) of nwsopropenyl-c^a-dimethyl benzyl 
isocyanate (TMI) added. The solution turns clear and is stirred for 2 hours. 0.29 g Benzoin methyl ether (BME) 
are added and dissolved. The mixture is degassed by applying vacuum and sparged with nitrogen (3 cycles), 
then is poured into a MYLAR-lined glass mold, held together by clamps and using 0.5 mm thick silicone cord 
as spacer. The mold is exposed to UV light from a SYLVANIA BlacHite-Blue fluorescent lamp for 4 hours, after 

35 which time the mold is opened and the clear, stiff polymer sheet is removed. It is cut into rectangular pieces 
for testing. After equilibration in distilled water, hydrogels with an equilibrium water content of 25.4% are 
obtained. 

Example 6: 

40 

Using the procedure described in example 5, but using instead of TMI the equivalent amount of 2-isocya- 
natoethyi methacrylate (IEM), clear hydrogels are prepared, having an equilibrium water content of 25.6%. 

Example 6a: 

45 

Cut strips of polymer from example 5 and 6 are immersed for 5 days at 80°C in aqueous base of different 
pH and the change in water content is determined after subsequent re-equilibration in water at pH = 7. The 
results are shown below: 

so 



55 
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Equilibrium Swelling in Water (%)*> 

After 5 days/80°C 24 days/80°C 
Polymer of Example at at at 
Initial pH= 14 pH= 10 pH 10 

5 25.4 73 50 52 

6 25.8 disintegrated 59 72 



is l > wet weight - dry weight x 100 
wet weight 

The urea-styryl based PDMS-hydroge) of example 5 is considerably more resistant to base catalyzed hyd- 
20 rotysis than the urea-methaaytate analog of example 6. 

The following examples describe the synthesis of chain extended macromers. 

Example 7: 

25 9.045 g (5.53 m equiv. amine) of an a,oHli-propyiamino-poly-(dimethyisnoxane} of MW 1636 (Shin Etsu 
Corp. No. X-22-161 A) are placed in a 1 oz. jan 4.56 g of hexafluoroisopropyl methacryiate (F B MA) are added 
and the mixture is stirred and cooled in an ice-water bath. 0.21 g (0.9546 mmd) of isophorone diisocyanate 
(1PDQ are added and the mixture is stirred for 2 hours at room temperature until all isocycanate has disappeared 
(by IR). Then 1. 85 g (9.22 mmd) nvisopropenyiMx.a-dimethyibenzylisocyanate (TMI) are added and the mixt- 

so ure is stored for 2 more hours to yield a clear viscous liquid of a 70.90% solution of a-m ethyl styrene capped, 
chain extended pdy(dimethyisBoxane) of MW 2426 (calculated) in F 6 MA. 

Examples 8-10: 

ss The procedure of example 7 is repeated, but using the molar ratios of a,o>dhpropylamino-poly-(dimethyi 
sBoxane) to IPDI as listed below: 

Mol Ratio of Calculated MW after 

40 Example* Diamine to IPDI Capping with equiv. TMI 

7 6:1 2426 

8 4:1 2693 

9 2:1 4023 
* 10 3:2 6019 

Example 11: 

so Using the PDMS-macromer mixture of example 2, a solution is prepared in a 100 mi jar which contains 30 
g of the a-methylstyrene capped poly (dimethyl siloxane) macromer described in example 2, 18 g trimethylcyo- 
lohexyt methacryiate (TMMA), 28 g hexafluoroisopropyl methacryiate (F 6 MA), 9 g methacrylic ackj (MAA) and 
15 g ethylene glycol dimethacrylate (EDMA); 0.24 g BME are added and dissolved and the dear solution is 
degassed in vacuo and sparged with nitrogen. 

56 The solution is filled into round polypropylene molds of 1 cm height and 9 mm diameter, which are placed 
into the openings of a flat tray. The polymerization is earned out in a box sparged with nitrogen by exposure 
to UV fight from a SYLVAN lA-Btackllte Blue fluorescent lamp for seven hours. Following removal of the mdds 
from the boxes, the buttons are annealed at 100°C for 1 hour, cooled to room temperature and pressed out of 

12 
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the mold. The clear buttons are cut into slices of appropriate thickness on a bone saw for measuring hardness 
and oxygen permeability. 



Examples 12-22: 



Example 1 1 is repeated, but with compositions listed in the table below; ail compositions contain 26% F e MA 
and 9% MAA. All polymers are tested as described. 



Composition Oxygen Permeability 

Example Macromer TMMA EDMA Hardness O^K (barren) 

No. of Ex. % % % Shore-D) at 025 mm/21 °C 



15 



20 



12 


7 


40 


8 


15 


72 


62 


13 


7 


45 


3 


15 


68 


72 


14 


8 


40 


8 


15 


72 


57 


15 


8 


45 


3 


15 


68 


70 


16 


9 


40 


8 


15 


71 


60 


17 


9 


45 


3 


15 


67 


82 


18 


10 


40 


8 


15 


70 


61 


19 


10 


45 


3 


15 


66 


84 


20 


2 


40 


8 


15 


71 


52 


21 


2 


45 


3 


15 


69 


69 


22 


2 


40 


3 


20 


65 


82 



30 Claims 

1. A polysQoxane-urea styrenic macromer of the structure A1 or A2 
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R 5 



H 2 C=C 



R l R 1 R 2 



VS ^^— R 3 — NHCONH — R 2 — SiO — ^-Sioj — -Si — R 2 



R l R 1 R 1 
R 1 R 1 R l 



(Al) 



-l-HNCONH — R* — NHCONH — R 2 — SiO^sjoj—Si — R 1 j-NHCONH — R 3 — \ 
L R 1 R 1 02 R l -* y /""^ 



G=CH 2 



20 



R 1 r R 1 R 1 
I r i 



(R^SiO-f-Siol SiO-f Siol Si (R 1 ), 

— CONH — R 3 — / \ 



R5 
I 

C=CH. 



(A2) 



35 



40 



wherein, independently of each other, 

R 1 © methyl, pheny! or 3,3,3-trifluoropropyi, 

R 2 isa divalent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms, 
R 3 is a direct bond or has the same definition as R 2 , 
R* is hydrogen or methyl, 

R° is the divalent residue of an aliphatic, cydoaiiphatic or aromatic diisocyanate of structure 

OCN-Rft-NCO, 

n1 and n2 are integers from 2 to 250, with the proviso that the sum n1 + n2 is not greater than 250, 
ml and m2 are integers from 2 to 200, with the proviso that the sum ml + m2 is not greater than 250, 
yis0to2, 

p has a value of 1 to 10, 

X is hydrogen or has the structure E 



45 



-R 4 — NHCONH— R 3 



= CH 2 



(E) 



wherein R* is a divaJent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms. 

so Z A macromer according to claim 1 of structure A1 , in which 

R 1 is methyl, 

R 2 is trimethyfene, 

Rafe-qCHaJr 

R« is methyl, 
55 y is zero, and 

n1 is 5 to 100. 

3. A macromer according to dalm 1 of structure A1 , In which 

14 
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R* is methyl, 
R 2 Is trimethylene, 
R3is-C(CHi>r 
R 5 is methyl, 
6 y is 1, 

n1 + n2 is 10 to 20, and R 6 is an aliphatic or aromatic divalent residue with 6 to 12 carbon atoms. 

4. A macromer according to claim 1 of structure A2, wherein 
R 1 is methyl, 

10 R 2 is trimethylene, 

R 3 is-C(CH3yr 
R 5 is methyl, 
X is of structure E, 
R 4 is ethylene, 

15 ml and m2 are 5 to 100, with the sum of ml + m2 not greater than 150. 
and p is 1 to 3. 

5. A macromer according to claim 2 of structure A1 , wherein n1 is 10 to 50. 

20 6. A macromer according to claim 1 wherein R 3 is a direct bond and R 5 is hydrogen with the -CR 6 =CH 2 group 
being in the para position relevant to R 3 ; or wherein R 3 is -C(CH 3 ) r and R 5 is methyl with the -CR^Cr-fe 
group being in the meta position relevant to R 3 . 

7. A macromer according to claim 1 wherein R fl is derived from a diisocyanate of formula OCN-R^NCO which 
25 is selected from the group consisting of ethylene diisocyanate, 1,2-diisocyanatopropane, 1,3-diisocyana- 

topropane, 1,8-diisocyanatohexane, 1,2-diisocyanatocyclohexane. 1.3-diisocyanatocyclohexane, 1,4-dii- 
socyanatobenzene; bis-(4-isocyanatophenyl)methane, 1,2- and 1,4-toluene diisocyanate; 3,3'-<Jichloro- 
4,4'-ditsocyanatobiphenyl; 1,5-diisocyanatonaphthalene, hydrogenated toluene diisocyanate; 1-isocyana- 
tomethyl-5-isocyanato- 1,3,3-trimethyIcydobexane (= isophorone diisocyanate); 1,6-diisocyanato-2,2,4- 
30 (2A4)-Wmethylhexane. 2£ , -<fiisocyanatodiethyl fumarate; 1,5-diisocyanato-1-carboxypentane; 1.2-, 
1,3- , 1,6-, 1,7-, 1.8-, 2,7- and 2,3-disocyanatonaphthatene; 2,4- and 2,7-diisocyanato-1-methyl- 
naphthalene; 1,4-dBsocyanato-methylcyclohexane; 1 f 3-diisocyanato-6(7)-methyl naphthalene; 4,4'-diiso- 
cyanatobiphenyl; 4,4'-diisocyanato-3,3'-dimethoxy-biphenyl; 3,3'- and 4,4'-diisocyanato-2,2'-dimethyl-bi- 
phenyl; bis-(4-isocyanatophenyi)ethane; bis(4-isocyanato-phenyl) ether, 

35 

8. A macromer according to claim 7 wherein the diisocyanate is isophorone diisocyanate, 2,2,4-(2,4,4)-trime- 
thyihexane-1,6-diisocyanate or 1,2- or 1,4-toluene diisocyanate. 

9. A polymer, suitable as a biocompatible, oxygen permeable polymer, useful for preparing contact lenses 
40 which comprises the crosslinked copolymerization product of 

(A) from about 1 0 to about 1 00% by weight of said polymer of a polysiloxane macromer of formula A1 
or A2 according to claim 1, having a molecular weight from about 400 to about 1 0,000. said macromer 
containing at least two terminal poiymerizable olefmic groups, said groups being attached to the polysi- 
loxane through a urea linkage, and 
4$ (B) from 90% to 0% by weight of said polymer of one or more mono-, di- or trifunctiona! vinyl monomers 

poiymerizable by free radical polymerization. 

10. A polymer according to claim 9 which comprises the crosslinked copolymerization product of 

(A) from about 15 to about 90% by weight of said polymer of a polysiloxane macromer having a mo! ecu- 
so lar weight from about 800 to about 10,000, said macromer containing two terminal, poiymerizable defi- 

nic groups, said macromer having the structure of formula A1 or A2, and 

(B) from about 85 to about 10 % by weight of said polymer of water-soluble or water-insoluble monomers 
or mixtures thereof, said monomers being monoolefmic, diolefinic or a mixture of monoolefinic and 
dtolefinic monomers. 

55 

11. A polymer according to claim 9 for preparing hard contact lenses which comprises the crosslinked copolym- 
erization product of (A) from 1 5 to 80% of a polysiloxane macromer of formula A1 or A2, and (B) from 85 
to 20% by weight of a mixture of comonomers of which, based on the total weight of comonomers, is (B,) 
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100 to 65% by might of a water-insoluble monoolefinic monomers or mixtures thereof, (BO 0 to 35% by 
weight of a water-soluble monoolefinic monomer or mixture thereof, and (B3) 0 to 35% by weight of a diolefi- 
nic monomer. 

12. A polymer according to claim 11 wherein B 1 is methyl methacrylate, cyclohexy) methacrylate, tris(trime- 
thyWsiloxany1)sflyl-propy1 methacrylate, 2,2,2-trifluoroethyl methacrylate, hexafluoroisopropyl methacry- 
late, 1,1-dihydroheptafluorobutyimethacrytate, trimethylcyclohexyl methacrylate, isobomyl methacrylate, 
tert -butyl methacrylate, tert-butyl-styrene or mixtures thereof; B2 is 2-hydroxyethyl methacrylate, N,N- 
dlmethytacrylamide, acrylic acid, methacrylic acid, maleic anhydride or N-vinyl-2-pyrrolidone or mixtures 
thereof; and B a is ethylene glycol dimethacrylate, neopentyi glycol diacryiate or methacrylate, and bis-(3- 
methacryloxy propyl) tetramethyl disfloxane or bis (3-methacryloxypropyl} tetra (trimethyisiioxy) disiloxane. 

13. A polymer according to claim 1 1 which comprises the co polymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 and R 5 are methyl, R 2 is trimethyiene, 
R 3 is -C(CH 3 )r f and n1 is 10 to 50, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(BO 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, and 
(B2) 5 to 35% by weight of a water-soluble monoolefinic monomer or mixture thereof. 

14. A polymer according to claim 1 1 which comprises the copolymerization product of 

(A) 20 to 75%o by weight of a polysiloxane of formula A1 where R 1 and R s are methyl, R 2 is trimethyiene, 
R 3 is -C(CHa)r» n1 is 10 to 50, y is 1, and, R 6 is the divalent residue of isophorone ditsocyanate; 2,2,4- 
(2,4,4)- trimethyihexane-1,6-diisocyanate or toluene diisocyanate; and 

(B) 80 to 25% by weight of comonomers of which, based on the total weight of comonomers, is 
(BO 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, 

(B2) 5 to 35% by weight of a water-soluble monoolefinic monomer or mixture thereof, and 
(Bs) 0 to 20% by weight of a diolefinic monomer. 

15. A polymer according to claim 1 1 which comprises the copoiymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 is methyl, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
te 

(BO 95 to 65% by weight of a monomer selected from the group consisting of methyl methacrylate, cyc- 
lohexy! methacrylate, trimethylcydohexyi methacrylate, isobomyl methacrylate, 2^2-trifluoroethyl 
methacrylate, hexafluoroisopropyl methacrylate, 1 ,1-dihydroheptafluorobutyl methacrylate, 
tris(trimethylsaoxy-silyl)propyl methacrylate, tert-butyl methacrylate, styrene and tert-butyistyrene, 
(Bj) 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacrylic 
acid, N.N-dimethylacrylamide, and maleic anhydride, 

(B*) 0 to 20% by weight of ethylene glycol dimethacrylate, neopentyi glycol diacryiate, or bis-(3-methac- 
ryloxypropyl)-tetramethyl-disiloxane. 

16. A polymer according to daim 1 1 which comprises the copoiymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A2 where R* and R 5 are methyl, R 2 is trimethyiene, 
R 3 is -C(CH a )r. X is of structure (E). R* is ethylene. n1 is 10 to 50, p is 1 to 3, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B0 95 to 65 % by weight of a monomer selected from the group consisting of methyl methacrylate, 
cydohexyi methacrylate, trimethylcydohexyi methacrytate, isobomyl methacrylate, 2,2^-trifluoroethyi 
methacrylate, hexafluoroisopropyl methacrylate. 1,1-dihydroheptafluorobutyi methacrylate, tert-butyl 
methacrylate, styrene, tert-butyistyrene, and 3-methacryloxypropyl-tris(trimethyls3oxy)silane, 
(Ba) 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacryiic 
acid, N.N-dimethylacrylamide, and maleic anhydride, and 

(Ba) 0 to 20% by weight of ethylene glycol dimethacrylate or neopentyi glycol diacryiate, or bis-{3- 
methacryloxy propyl J-tetramethyi-disiloxane. 

17. A polymer according to daim 9 for soft contact lenses with low water absorption, which comprises the 
crosslinked, copoiymerization product of (A) 30 to 80% by weight of a polysiloxane macromer of formula 
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A1 f and (B) 70 to 20 by weight of a mixture of comonomers of which, based on the total weight of com- 
onomers, is (B t ) 100 to B9% by weight of a water-insoluble monooiefinic monomer or mixture thereof, (Bj) 
0 to 1 0% by weight of a water-soluble monooiefinic monomer or mixture thereof, and (B 3 ) 0 to 1 % by weight 
of a dioiefinic monomer. 

5 

18. A polymer according to claim 1 7 wherein Bi is selected from the group consisting of methyl acrylate, ethyl 
acrylate or methacrylate, n-butyi acrylate or methacrylate, n-hexyl acryiate or methacrylate, 2-ethylhexyl 
acryiate or methacrylate, n-octy I acrylate or methacrylate, n-decyl acrylate, 2-me thoxyethyJ-2-ethoxy ethyl- 
acrylate and methacrylate, 2-methoxyethyl-, 2-ethoxyethyf acryiate and methacrylate, oligo-siloxanyl alkyl 

10 methacrylates having 3 to 8 silicon atoms, and Rralkyiene acrylates and methacrylates, where R, is a 
perfluoroalkyl group with 1 to 10 carbon atoms and aikylene is alkylene with 1 to 5 carbon atoms, and mixt- 
ure thereof. 

19. A polymer according to claim 9 wherein the polymer comprises the crosallnked co polymerization product 
15 of (A) 20 to 60% by weight of a polysiloxane macromer of formula A1 or A2 and (B) 80 to 40 by weight of 

a mixture of comonomers of which, based on the the total weight of comonomers, is (B n ) 0 to 30% by weight 
of a water-insoluble monooiefinic monomer or mixture thereof, (BJ 1 00 to 69% by weight of a water-soluble 
monooiefinic monomer or mixture thereof, and (B3) 0 to 1% by weight of a dioiefinic monomer. 

20 20. A polymer according to claim 1 9, wherein component B 2 is N.N-dimethylacrylamide, r4-viny1-2-pyrrolidone f 
2-hydroxyethyl methacrylate, acryiamide or a mixture thereof. 

21. A polymer according to claim 9, in form of a contact lens. 

25 22. A polymer according to claim 1 1 , in form of a contact lens. 

23. A polymer according to any of claims 9 to 20, in form of a contact lens. 

24. A contact lens comprising a polymer according to any of claims 9 to 20. 

25. A contact lens consisting essentially of a polymer according to any of claims 9 to 20. 

26. A process for the manufacture of a macromer according to claim 1 comprising conventionally reacting a 
compound of formula C1 or C2 

R 1 R 1 R 1 

* 1 r 1 1 1 

H 2 N— R*— SiO-f-SiO^-Si — R* — NH 2 (Cl) 

I L | J Til I 

R 1 R 1 R 1 

R 1 r R 1 R 1 n 
1 I r 



30 



35 



40 



55 



(R 1 ) 3 SiO^SiOj— ^SiO-)-Sio] Si (R ! ) 3 

NH 



R2 b Rl-- 2 
L I 



(C2) 



so v / 



wherein Y is hydrogen or -R*NH 2 and all the other variables are as defined in daim 1, with a styrene- 
isocyanate of structure 
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OCN— R 3 - 




CH 2 



5 



wherein the variables are as defined in claim 1, preferably in equivalent amounts; wherein a compound of 
formula CI , if desired, is reacted with a diisocyanate of structure OCN-R*-NCO, wherein R 6 is as defined 
in claim 1. before the reaction of said compound of formula C1 with said styrene-isocyanate. 
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27. A process for the manufacture of a polymer according to claim 9 by conventionally copolymerizing a mac- 
romer of formula A1 or A2 as defined in claim 1 with the vinyl monomers B as defined in deim 9. 

2&. Use of a polymer of claim 9 for the manufacture of a contact lens. 
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